Microbes present survival challenge to pre-immune embryos. Our study provides 7 evidence for antimicrobial-secretion-based strategy of zebrafish embryos against microbes 8 during pre-immune stages. Chorion prevents physical contact between embryos and microbes, 9 157 280 Oviparous animals such as zebrafish fertilize their eggs externally. The fertilized eggs (embryos) 281 face two types of survival challenges presented by their environment: 1) starvation and 2) 282 pathogenic microbes. Relatively late onset of adaptive immunity in zebrafish embryos suggests 283 their vulnerability during 0-9 hpf. Therefore, we investigated: (a) if the embryos are vulnerable 284 to common microbes such as E.coli, and if yes, then (b) how do the embryos respond to 285 pathogenic challenges during 0-9 hpf in the absence of any speciallized immune cells? Our 286 observation that every clutch of embryos obtained from a given female fish has unique density of 287 LDs (LDD) in them (Fig. 1), allows us to explore the link between LDs and survival of the 288 embryos challenged with starvation or pathogen. LDs are synthesized on the Endoplasmic 289
Lipolysis of LDs is necessary to confer defense against microbes
LDs present in the Drosophila embryos are reported to exhibit antimicrobial properties 22 . Our 122 studies too reveal that the LDs isolated from zebrafish embryos host anti-bacterial property in 123 vitro (Supp. S5). However, if the embryos utilize the antimicrobial property of the LDs to 124 counter the microbial challenges then they must come in physical contact with the microbes. To 125 test this possibility, we investigated if the bacteria in E3 have the ability to penetrate the chorion and the outer membrane of the embryos. For this the embryos were incubated in RFP-E.coli 127 laced E3. Fig. 3A (i) establishes that the bacteria (in green) fail to penetrate even the outer 128 chorion of the embryo (in gray). Though, the chorion prevents any physical contact between the 129 embryo and the bacteria, yet presence of bacteria in E3 is deleterious to embryonic survival. This 130 therefore, suggests that bacteria release permeable deleterious secretions that cause decrease in 131 embryonic life expectancy. Since the chorion is the first line of defense that comes in physical 132 contact with the microbes, we studied its antimicrobial activity. We find that though the chorion 133 lacks cytotoxic capability, it is cytostatic ( Fig. 3A (ii) ). However, the antimicrobial capabilities 134 of the chorion are not sufficient to protect the embryos from higher concentration of microbes.
135
Next we investigated the effect of deleterious bacterial secretions (BS-E3: obtained by 136 incubating bacteria in E3 overnight and filtering the supernatant; refer Similar to incubation in bacteria-laced-E3, embryonic incubation in BS-E3 (a solution free of 140 bacteria but contains bacterial secretions) also leads to significant decrease in the survival of the 141 embryos ( Fig. 3B ). Embryos exposed to BS-E3 right from 0 hpf (1 cell stage) exhibit lower life 142 expectancy as compared to the embryos exposed to BS-E3 at later developmental stages (i.e 9 143 hpf onwards, Fig. 3C ). Since higher LDD bestows embryos with better capabilities to counter 144 microbial challenge during 0-9 hpf (Fig. 2C observe that the embryos in E3 secrete mainly during the initial 3 hpf. There is no significant 193 secretion 3hpf onwards ( Fig. 4C ). On the other hand, the embryos exposed to BS-E3 continue to 194 release secretions until 9 hpf at a much higher rate. Interestingly, beyond 9 hpf neither are the 195 embryos vulnerable to BS-E3 ( Fig. 3C ), nor do they secrete antimicrobial compounds ( Fig. 4C ).
196
Next, we characterized the embryonic secretions using Thin Layer Chromatography (TLC), 223 Surprisingly, neither protein translation nor protein degradation seems to be the mechanism of 224 synthesis of the cytostatic secretions (e1-e7). Next we explored the mechanism by which the 225 microbes challenge the embryos. Bacteria secretes more potent toxins in response to the embryonic secretions, ES-E3 238 We investigated the nature of the bacterial secretions under different incubation conditions. As 239 expected, we observe a concentration dependent effect of BS-E3 on life expectancy (e x ) of the 240 embryos (Fig. 5A ). The secretion, BS-E3, is obtained from bacteria that was allowed to grow in 241 sterile E3. We compare the bacterial secretions in E3 (i.e. BS-E3) and in ES-E3 (i.e. BS-ES) by 242 measuring their dry weight (Fig. 5B ). Next we estimated the life expectancy of the embryos coulmn2) ( Fig. 5D ) reveals that the bacteria secretes additional compound 'b1' only if they are 249 exposed to ES-E3 (e0). More interestingly, bacteria exposed to compounds e0-e4 (antimicrobial 250 secretions from embryos, refer Fig 4E) alter the composition of their secretions even further as 251 the secretions in BS-ES are different from that in BS-ES BS (Fig. 5D , b2-b4 are the additional 252 bacterial secretion compounds, Suppp. S10). Additionally, these secretions are even more potent 253 toxins for the embryos (Supp. S11). Like embryonic secretions, the bacterial secretions are too 254 amine containing compounds and give rise to distinct spots in Ninhydrin stained-TLC plates.
255
Next we investigated the effect of embryonic secretions on the bacteria. Fig. 5E depicts the 256 growth curve for bacteria (E.coli) exposed to compound e0 (10 6 /ml bacteria grown in 2 ml ES-257 E3) obtained from embryos having distinct LDD 30 values. Significantly, higher growth rate of 258 bacteria in ES-E3 compared to E3 indicates that the compound e0 is a nutrient for the bacteria.
259
Thus, normal development of zebrafish embryos involves secretion of e0 which aggravates the 260 microbial challenge for the embryo itself by accelarating the bacterial growth rate. Fig. 5F 261 depicts the growth curve for bacteria (E.coli) exposed to e0-e4 (10 6 /ml bacterial grown in 2 ml 262 ES-BS ) obtained from embryos having distinct LDD . We observe an inverse relation between 263 the bacterial growth rate and the LDD of the embryos from which the ES-BS was obtained. This 264 observation is in agreement with Fig. 4 , since the amount of antimicrobial secretion (Fig. 4B) is 265 positively correlated with LDD 30 (Fig. 4A) . We further validate this hypothesis by studying the 266 bacterial growth rate in ES-BS (OS). Because of lack of antimicrobial activity of ES-BS (OS), 267 the growth rate is no more dependent on LDD (Fig. 5G ). 
Staining and imaging the LDs 358
To stain the LDs, the embryos were fixed with 4% paraformaldehyde (Merck) followed by 359 repeated wash with Phosphate Buffer Saline (PBS). The LDs were stained using the LD-specific 360 dye, LD540 27 . Post this, LD540 was diluted to 0.1g/ml and the fixed embryos were soaked in it 361 for nearly 20 minutes. The embryos were then washed two to three times with PBS followed by 362 thourough wash with water to remove excess dye which may otherwise cause unnecessary 363 background fluorescence. The embryos were then mounted in 0.6% low melting agar and imaged 364 under 10X magnification using an inverted fluorescence microscope (Zeiss Axio Observer.Z1).
365
The images were processed using the '3D-deconvolve' plugin of ImageJ 1.47t to minimize any 366 unwanted background fluorescence and obtain a 3D-rendered image. 
Determining any physical contact between embryos and bacteria 368
To determine whether the bacteria come in physical contact with the embryos/LDs, freshly laid 386 For comparing the survival in the absence of food for embryos with different LDD 30 values, 387 embryos were incubated in E3 throughout the entire duration. For the ones to be kept with food, 388 the larvae were fed with larval food from 5 dpf (since zebrafish embryos are lecithotrophic upto 389 5 dpf). The survival percentage of embryos was assessed at an interval of every 24 hours. 
Survival in the presence or absence of food supply

Survival in the presence or absence of bacteria in medium 391
To assess embryo survival in the presence or absence of bacterial exposure, freshly laid embryos 392 were collected from different clutches (different LDD 30 values) and grown in the presence or 393 absence of bacteria in the medium. The survival percentage of embryos was assessed at an 394 interval of every 24 hours. The broad spectrum lipase inhibitor, Orlistat (OS) (O-STAT 120, Aristo), was used to inhibit 444 lipolysis in the embryos. As per our previous report, the working concentration of OS i.e. 150 445 μM is detrimental for the development of the zebrafish embryos and causes death by 6 hpf 25 .
446
Hence, we determined the appropriate OS concentration at which OS treatment does not kill the 447 embryos but delays their overall development (lipolysis still active but at a much lower rate). For 448 this, the embryos were treated with increasing concentrations of OS (from 0 to 150 μM) and the 449 survival of the embryos was assessed after every twenty-four hours of treatment. It is observed 450 that at 10 M concentration of OS, the embryos survive and hence this was chosen for further 451 experimentation so that, lipolysis is partially inhibited in these embryos, however, they do not 452 die due to the OS treatment. 
Inhibition of protein degradation by Heclin
